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[57] ABSTRACI‘ 
A method of printing a job to produce a set of prints in 
a printing system with a print file, the print ?le being 
divided into a ?rst buffer and a second buffer where the 
print ?le communicates with a marker. The marker 
employs a set of a ?rst type of print-related information 
and a set of a second type of print-related information 
for producing the set of prints. The method includes the 
step of ?lling the ?rst buffer with a ?rst portion of the 
set of the ?rst type of print-related information and the 
second buffer with the a ?rst portion of the set of the 
second type of print-related information. The method 
further includes the step of reading, with the marker, 
the ?rst portion of the set of the ?rst type of print 
related information from the ?rst buffer and the ?rst 
portion of the set of the second type of print-related 
information from the second buffer. When the ?rst 
portion of the set of the ?rst type of print-related infor 
mation has been read by the marker, the ?rst buffer is 
?lled with a second portion of the set of the ?rst type of 
print-related information. 

28 Claims, 16 Drawing Sheets 
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APPARATUS AND METHOD FOR MANAGING 
STORAGE OF PRINT-RELATED INFORMATION 

IN A PRINT FILE 

The present invention relates generally to a technique 
for printing a print job and, more particularly, to a 
method for handling a relatively oversized job with a 
“racetrack” buffer arrangement or a two buffer print 
?le. 

Electronic printing systems rasterize, or generate in 
digital form, page images prior to transfer to an image 
output terminal for printing. The rasterization process 
can be performed in any of a variety of different man 
ners. One rasterization process, for example, comprises 
the decompression of a simple image received from an 
associated scanner. A more complicated rasterization 
process comprises rasterization of some intermediate 
format, i.e. a page description language (“PDL”) gener 
ally associated with receipt of image information from a 
networked workstation. For compactness, the PDL 
contains commands describing the line segments, 
curves, characteristics, images, etc. which must be com 
bined to create a desired page image. Electronic print 
ing systems rasterize the PDL prior to printing. This 
rasterization is commonly performed in real-time as, the 
page image is transferred for a processing operation. 
An advantageous feature of some electronic printing 

systems resides in the ability to capture a job once and 
thereafter print it on demand. An implementation pos 
sessing such capability is disclosed in the following 
patent, the pertinent portions of which are incorporated 
herein: 
US. Pat. No. 5,170,340 
Patentees: Prokop et al. 
Issued: Dec. 8, 1992 
As shown in FIG. 9 of US. Pat. No. 5,170,340, the 

post parse service (“postparser”) communicates with 
the disk memory, the disk storing decomposed/decom 
pressed image data required to print pages of stored 
print jobs. In operation, a print job is processed, for 
printing, by passing certain information, for each page 
of the print job, from the postparser to the print ?le. For 
one example, the information, for each page, includes a 
page description entry (“PDE”), which describes how 
the image of the page is to be placed on a print media 
sheet, and a page image descriptor (“PID”), which 
includes a “bandslist” (i.e. a designator of the disk loca 
tion(s) of the image data for the image of the page) and 
suitable page commands. In one mode of operation the 
PDEs and PIDs for the print job are written to the print 
?le, and read by the marker. In accordance with the 
information read by the marker, it performs appropriate 
image generating processes, e.g. accessing/reading 
image data stored out to disk and implementing instruc 
tions provided via the PDEs and PIDs. For a situation 
requiring the printing of multiple sets, the print-related 
information of the print ?le is read repetitively by the 
marker to generate as many sets as designated by a 
program of the print job. 

In an exemplary electronic printing system, with 
memory, the amount of memory allocated to the print 
?le can be consumed when the job exceeds a given size, 
i.e. when only a portion of the job format can written to 
the print ?le. As follows from the following patent, the 
pertinent portions of which are incorporated herein, the 
size of a job is affected by, among other factors, the 
complexity of the pages associated therewith: 
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2 
US. Pat. No. 5,216,754 
Patentees: Sathi et al. 
Issued: Jun. 1, 1993 

Accordingly, the existence of one or more relatively 
complex pages in a job can have a profound effect on 
the size of the job. Thus, even a relatively small job, in 
terms of actual document pages, can cause the memory 
limit of the print ?le to be exceeded when selected ones 
of the corresponding document pages are relatively 
complex. 

In the above-mentioned exemplary electronic print 
ing system, when the print ?le becomes saturated with 
the format information for a relatively complex job 
(referred to hereinafter as “complex job forma ”), one 
of two courses can be taken. With one course, marking 
of the complex ' job is simply aborted and the corre 
sponding job document is printed in segments. This is 
undesirable since printing in segments requires of?ine 
collation which, for multiple sets with considerable 
pages, can result in considerable inconvenience to an 
operator. With another course, the printing of the com 
plex job is suspended and‘ further memory space is 
sought by consuming unrelated print-related informa 
tion residing in the print ?le. In one example, such con 
sumption is achieved by marking the format informa 
tion for one or more jobs that reside in the print ?le 
coincidentally with the complex job format. If all of the 
format information for the complex job cannot be writ 
ten to the print ?le prior to printing the other jobs, then 
the job is aborted and printed in segments, as described 
above. Neither of these courses represents a fully satis 
fying approach for jobs Whose format information can 
not be “squeezed” into the print ?le. Thus, it would be 
desirable to provide a technique that allows a complex, 
relatively oversized job to be printed automatically 
with a amount of inconvenience to the opera 
tor. 

In accordance with one disclosed aspect of the pres 
ent invention there is provided a method of printing a 
job to produce a set of prints in a printing system with 
a print ?le, the print ?le being divided into a ?rst buffer 
and a second buffer where the print ?le communicates 
with a marker, the marker employing a set of a ?rst type 
of print-related information and a set of a second type of 
print-related information for facilitating the production 
of the set of prints, including the steps of: ?lling the ?rst 
buffer with a ?rst portion of the set of the ?rst type of 
print-related information and the second buffer with the 
?rst portion of the set of the second type of print-related 
information; reading, with the marker, the ?rst portion 
of the set of the ?rst type of print-related information 
from the ?rst buffer and the ?rst portion of the set of the 
second type of print-related information from the sec 
ond buffer; and filling the ?rst buffer with a second 
portion of the set of the ?rst type of print-related infor 
mation when all of the ?rst portion of the set of the ?rst 
type of print-related information has been read by the 
marker. 

In another disclosed aspect of the invention, there is 
provided a method of printing a job to produce a set of 
prints in a printing system with a print ?le and a marker, 
the print ?le receiving a set of print-related information 
from a print-related information generating source for 
facilitating the production of the set of prints with the 
marker, including the steps of: filling a ?rst portion of 
the print ?le with a first portion of the set of print 
related information; reading the ?rst portion of the 
print-related information; filling a second portion of the 
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print ?le with a second portion of the set of print-related 
information while the ?rst portion of the set of print 
related information is being read; determining, on com 
pletion of said reading step, whether said second por 
tion ?lling step is complete; and inhibiting operation of 
the marker when it is determined that said second por 
tion ?lling step is incomplete, 
These and other aspects of the invention will become 

5 

apparent from the following description, the descrip- - 
tion being used to illustrate a preferred embodiment of 
the invention when read in conjunction with the accom 
panying drawings. 
FIG. 1 is a view depicting an electronic printing 

system of the type adapted to implement the printing 
technique of the present invention; 
FIG. 2 is a block diagram depicting the major ele 

ments of the printing system shown in FIG. 1; 
FIGS. 3-5 comprise a schematic block diagram 

showing the major parts of the control section for the 
printing system shown in FIG. 2; 
FIG. 6 is a schematic, block diagrammatic view of a 

network printing system in which the present invention 
can be carried out; 
FIG. 7 is a schematic, block diagrammatic view of a 

processor/printer interface for the printing system 
shown in FIG. 6; 
FIG. 8 is a schematic view of a print subsystem for 

the printing system of FIG. 2 of FIG. 6; 
FIG. 9A is a schematic view of a print ?le being 

operated in a performance mode; 
FIG. 9B is a schematic view of the print ?le ?lled to 

capacity with image-related data; 
FIG. 9C is a schematic view of the print ?le parti 

tioned in conformance with a preferred operational 
mode of the present invention; 
FIGS. 10—12 conjunctively represent a ?ow diagram 

directed toward a technique for operating the print ?le 
in a ?rst mode and a second mode; 
FIG. 13A is a schematic view of eight pages of image 

related data intended for use in marking an eight page 
print job; 
FIG. 13B is a schematic view of a print ?le, parti 

tioned in accordance with the technique of FIGS. 
10-12, with seven of the eight pages from FIG. 13A 
written therein; 
FIG. 13C is a schematic view of the print ?le of FIG. 

13B with part of the print ?le being overwritten with 
image-related data from a second set of image-related 
data and another part of the print ?le being read by the 
marker; 
FIG. 13D is a schematic view of the print ?le of FIG. 

13C after a preferred reset procedure has been applied 
thereto; 
FIG. 14 is a ?ow diagram depicting the preferred 

reset procedure; 
FIGS. 15A-15D, respectively, represent schematic 

views of circular print ?les with each print ?le depict 
ing a relationship between produced and consumed 
print-related information; 
FIG. 16 is a ?ow diagram depicting a preferred mode 

of operating the print ?les of FIGS. ISA-15D; 
FIGS. 17A-17C, respectively, represent schematic 

views of a print job being processed in the print ?le by 
way of a recycle mode; and 
FIG. 18 is a schematic view of a two buffer print ?le 

implemented in conformance with a preferred mode of 
the present invention. 
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4 
While the present invention will hereinafter be de 

scribed in connection with a preferred embodiment 
thereof, it will be understood that it is not intended to 
limit the invention to that embodiment. On the con 
trary, it is intended to cover all alternatives, modi?ca 
tions and equivalents as may be included within the 
spirit and scope of the invention as de?ned by the ap 
pended claims. 

Referring to the drawings where like reference nu 
merals designate identical or corresponding parts 
throughout the several views, and more particularly to 
FIGS. 1 and 2, there is shown an exemplary image 
printing system 2 for processing print jobs in accor 
dance with the teachings of the present invention. Print 
ing system 2, for purposes of explanation, is divided into 
image input section 4, controller section 7, and printer 
section 8. In the example shown, the image input section 
4 has both remote and on-site image inputs, enabling 
system 2 to provide network, scan, and print services. 
Other system combinations may be envisioned such as a 
stand alone printing system with on-site image input 
(i.e., a scanner), controller, and printer; a network print 
ing system with remote input, controller, and printer; 
etc. 

While a speci?c printing system is shown and de 
scribed, the present invention may be used with other 
types of printing systems. For example, printer section 8 
may instead use a different printer type such as ink jet, 
ionographic, thermal, photographic, etc., and, further 
more, may be incorporated in electronic display sys 
tems, such as CRTs, LCDs, LEDs, etc. or else other 
image scanning/processing/recording systems, or else 
other signal transmitting/receiving, recording systems, 
etc. as well. 

For off-site image input, image input section 4 has a 
network 5 with a suitable communication channel such 
as an EtherNet ® connection enabling image data in the 
form of image signals or pixels from one or more remote 
sources to be input to system 2 for processing. Where 
the Page Description Language (PDL) of the incoming 
imaging data is different than the PDL used by system 
2, suitable conversion means (not shown) are provided. 
Other remote sources of image data such as streaming 
tape, ?oppy disk, video camera, etc. may be envisioned. 
For on-site image input, section 4 (FIG. 2) has a doc 

ument scanner section 6 with a Universal Document 
Handler (UDI-I) 35 for the purpose of automatically and 
sequentially placing and locating sets of multiple docu 
ments for scanning. Scanner section 6 incorporates one 
or more linear light sensitive arrays 24 for reciprocating 
scanning movement below platen 20 and focused on a 
line-like segment of platen 20 and the document being 
scanned thereon. Array 24, which may utilize Charge 
Coupled Device (CCD) technology or the like, pro 
vides image elemental signals or pixels representative of 

. the image scanned which are input to processor 25 for 

65 

processing. 
Processor 25 communicates with the controller sec 

tion 7 and includes a scanner system control 25a, an 
automatic gain control printing wiring board 
(AGCPWB) 25b, and a processor 250. AGCPWB 25b 
converts the analog image signals output by array 24 to 
digitally represented facsimile signals and processor 250 
processes the digital image signals as required to enable 
controller section 7 to store and handle the image in the 
form and order required to carry out the job pro 
grammed. After processing, the image signals are out 
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put to controller section 7. Image signals derived from 
net 5 are similarly input to processor 250. 

Processor 250 also provides enhancements and 
changes to the image signals such as ?ltering, threshold 
ing, screening, cropping, scaling (reduction/enlarge 
ment), etc. Following any changes and adjustments in 
the job program which affect these image processing 
parameters, the document must be rescanned to capture 
the speci?ed modi?cation. 

Printer section 8 comprises a laser type printer having 
a Raster Output Scanner (ROS) 87, Print Module 95, 
Paper Supply 107, Finisher 120, and Printer System 
Control 122. ROS 87 has a two beam laser with the 
beams modulated in accordance with the content of an 
image signal input by acousto-optic modulator to pro 
vide dual imaging beams which are scanned across a 
moving photoreceptor of Print Module 95 by means of ' 
a rotating polygon. A detailed description of a print 
engine suitable for use with the present disclosed pre 
ferred embodiment is discussed in US. Pat. No. 
5,170,340. “It will be appreciated by those skilled in the 
art that other print engines, besides a laser-based print 
engine, could be used to implement the preferred em 
bodiment of the present disclosure without affecting the 
concept upon which such disclosure is based. This ex 
poses two image lines on the photoreceptor with each 
scan to create the latent electrostatic images repre 
sented by the image signal input to the modulator. 
The latent electrostatic images are developed and 

transferred to a print media delivered by paper supply 
107. As will be appreciated by those skilled in the art, 
print media can comprise a selected one of various 
known substrates which are capable of accepting an 
image, such substrates including transparencies, pre 
printed sheets, vellum, glossy covered stock, ?lm or the 
like. The print media may comprise any of a variety of 
sheet sizes, types, and colors, and for this, plural media 
supply trays 110, 112, 114 (FIG. 1) are provided. The 
transferred image is permanently ?xed or fused and the 
resulting prints discharged to either output tray 118 
(FIG. 1), or to ?nisher 120. Finisher 120 provides cer 
tain ?nishing selections such as a stitcher for stitching or 
stapling the prints together to form books, a thermal 
binder for adhesively binding the prints into books, 
and/or other ?nishing options such as slitting, perforat 
ing, saddle stitching, folding, trimming, or the like. 

Printer system control 122 (FIG. 2) automatically 
and precisely controls all the printer functions and oper 
ations in accordance with job program parameters re 
ceived from system control 54 of controller section 7, as 
well as from internally derived signals from sensors and 
processes within the printer section 8. Printer system 
control signals are derived and distributed via a plural 
ity of printed wiring boards (PWBs) in a multi-proces 
sor architecture characterized by multiple microproces 
sor controller cores, serially interconnected, and also 
serially linked to more numerous input/output process 
ing circuit PWBs. Controller section 7 is, for explana 
tion purposes, divided into an image input control 50, 
User Interface (UI) 52, system control 54, main memory 
56, image manipulation section 58, and image output 
control 60. The units 50, 54, 56, 58, 60 comprise a sys 
tem which may also generally be referred to as the 
“Electronic Subsystem” (ESS). 
'The scanned image data input from processor 250 of 

scanner section 6 to controller section 7 is compressed 
by image compressor/processor 51 of image input con 
trol 50 and placed in an image ?le. Image ?les, which 
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represent different print jobs, are temporarily stored in 
system memory 61 (seen in FIG. 3) pending transfer to 
main memory 56 where the data is held pending use. 

Referring again to FIG. 1, UI 52 includes a combined 
operator controller/ CRT display consisting of an inter 
active touchscreen 62, keyboard 64, and mouse 66. UI 
52 interfaces the operator with printing system 2, en 
abling the operator to program print jobs and other 
instructions, and to obtain system operating informa 
tion, visual document facsimile display, programming 
information and icons, diagnostic information and pic 
torial views, etc. Items displayed on touchscreen 62 
such as ?les and icons are actuated by either touching 
the displayed item on screen 62 with a ?nger, or by 
using mouse 66 to point a cursor (not shown) to the item 
selected and keying the mouse. 
Main memory 56 (FIG. 2) has plural hard disks 90-1, 

90-2, 90-3 for storing machine Operating System soft 
ware, machine operating data, and the scanned image 
data currently being processed. When the compressed 
image data in main memory 56 requires further process 
ing, or is required for display on touchscreen 62 of U1 
52,‘ or is required by printer section 8, the data is ac 
cessed in main memory 56. Where further processing 
other than that provided by processor 25 is required, the 
data is transferred to image manipulation section 58 
where the additional processing steps such as collation, 
make ready (document editing), decomposition, rota 
tion, etc., are carried out. Following processing, the 
data maybe returned to main memory 56, sent to UI 52 
for display on touchscreen 62, or sent to image output 
control 60. 

Referring particularly to FIGS. 3-5, image data out 
put to image output control 60 is decompressed and 
readied for printing by image generating processors 86 
of PWBs 70-7, 70-8. Following this, the data is output 
by dispatch processors 88, 89 on PWB 70-9 via Scan 
Line Buffer (SLB) 139 (FIG. 2) to printer section 8. 
Image data sent to printer section 8 for printing is nor 
mally purged from memory 56 to make room for new 
image data. 

Control section 7 includes a plurality of Printed Wir 
ing Boards (PWBs) 70 (FIGS. 3-5), PWBs 70 being 
coupled with one another and with System Memory 61 
by a pair of memory buses 72, 74. A memory controller 
76 couples System Memory 61 with buses 72, 74. PWBs 
70 include system processor PWB 70-1 having plural 
system processors 78; low speed I/O processor PWB 
70-2 having UI communication controller 80 for trans 
mitting data to and from UI 52; PWBs 70-3, 70-4, 70-5 
having disk drive controller/processor 82 for transmit 
ting data to and from disks 90-1, 90-2, 90-3, respectively, 
of main memory 56 (image compressor/processor 51 > 
for compressing the image data is on PWB 70-3); image 
manipulation PWB 70-6 with image manipulation pro 
cessors of image manipulation section 58; image genera 
tion processor PWBs 70-7, 70-8 with image generation 
processors 86 for processing the image data for printing 
by printer section 8; dispatch processor PWB 70-9 hav 
ing dispatch processors 88, 89 for controlling transmis 
sion of data to and from printer section 8; and boot 
control-arbitration-scheduler PWB 70-10. 

Referring to FIG. 6, there is an electronic document 
processing system 128 for illustrating a preferred envi 
ronment of the above-described print engine of FIG. 2. 
The document processing system 128 includes the sys 
tem control 54, the system control 54 including proces 
sors 130 (including the various processors shown in 














